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C BY-NC-Abstract QSAR studies were performed on a series of imidazole derivatives as novel Orl1 receptor
antagonists. Imidazole derivatives have been analyzed in relation to their physicochemical and
molecular properties. The activities of the compounds were found to be signiﬁcantly correlated with
the physicochemical parameters such as density (D), surface tension (St), index of refraction (Ior),
balaban index (J) and partition coefﬁcient (Log P). It was found that the presence of group at R1
position was conducive for the inhibitory activity. The results are critically discussed on the basis of
regression data and cross validation techniques. Poglani factor Q and the results of LOO (leave one
out) method conﬁrms the reliability and predictability of the proposed models.
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The opiod receptor like (ORL1) receptor is a G-protein cou-
pled receptor superfamily, with opioids as ligands. It regulates
a plethora of neurophysiologic functions. The endogenous opi-
oids are dynorphins, enkephalins, endorphins, endomorphinsrediffmail.com (N. Shukla).
y. Production and hosting by
Saud University.
lsevier
ND license.and nociceptin. The opioid receptors are 40% identical to
somatostatin receptors (SSTRs). ORL 1 agonists are being
studied as treatments for heart failure and migraine. The novel
drug buprenorphine is a partial agonist at ORL 1 receptors
while its metabolite norbuprenorphine is a full agonist at these.
The current study represents the QSAR analysis of a series of
imidazole derivatives as novel orl1 receptor antagonists
(Sugimoto et al., 2009) using a number of structural parame-
ters along with different indicator parameters at different sub-
stitution sites.
2. Experimental
2.1. Physicochemical parameters
The physicochemical parameters such as Density (D), Surface
tension (St) and Index of refraction (IOR) used as steric
parameters were calculated by ACD Lab Chem Sketch
322 A.K. Srivastava, N. Shukla(Acd–Lab Software), Balaban index (J) (DRAGON Software)
is a topological Parameter calculated by DRAGON Software.
1. Density (D) – Density (Acd – Lab Software) is a steric
parameter and calculated by ACD Lab Chem Sketch Soft-
ware. This parameter is related with the bulk and size of the
substituents.D ¼ Mw ðMolecular weightÞ
Mv ðMolecular volumeÞ
2. Surface tension (St) – The cohesive forces between liquid
molecules are responsible for the phenomenon called as sur-
face tension.
3. Index of refraction (IOR) – The index of refraction (IOR)
of a medium is the ratio of the speed of light in vacuum
to its velocity in the medium.
4. Balaban index (J) – The Balaban index (J) is the average
distance sum connectivity index is deﬁned byJ ¼ JðGÞ
X
ij
ðdidjÞ Mlþ 1
where M is the number of bonds in a graph G, l is the cyc-
lomatic number of G and di’s (i= 1, 2, 3, N) are the dis-
tance sums (distance degree) of atoms in G such that
di ¼
XN
j¼1
ðDÞij
The cycloatomic number l of G indicates the number of
independent cycles in G and is equal to the minimum num-
ber of cuts necessary to convert a polycyclic structure into
an acyclic structure.
l ¼MNþ 1
One way to compute the Balaban index (J) for hetero sys-
tem is to modify the elements of the distance matrix for het-
ero system as follows:
The diagonal elements
ðDÞij ¼ 1 ðZc=ZiÞ
Zc = 6.
Zi = Atomic number of the given element.
The off diagonal elements
ðDÞijdi ¼
X
r
kr
where the summation r is over all bonds. The bond param-
eter kr is given by
kr ¼ 1=brðZ2c=ZiZjÞ
br= The bond weight values 1 for single bond, 2 for double
bond, 1.5 for aromatic bond and 3 for triple bond.
5. Partition coefﬁcient (Log P) (Garg et al., 2003). The octa-
nol–water partition coefﬁcient, P, is a measure of the differ-
ential solubility of a neutral substance between the
immiscible liquids and thereby, a descriptor of hydropho-
bicity (or the lipophilicity) of a neutral substance. It is typ-
ically used in its logarithmic form, log P.6. Indicator variables – Indicator variables (parameters),
sometimes called dummy variables, are used in multiple lin-
ear regression analysis to account for certain features which
cannot be described by continuous variables. The indicator
parameters (variables) are generally assigned only two val-
ues zero and one. It is taken as 1 (one) for that particular
group or substituent and at a speciﬁc site in the molecule
and 0 (zero) for all such cases where that group or substitu-
ent is absent (Recantint et al., 1986).
2.2. Regression analysis
The regression analysis is done using SPSS 7.5 version
software.
3. Results and discussion
The success of QSAR studies mainly depends whether or not
the molecular descriptors chosen are appropriate to explain
the biological activity (pIC50). The present work deals with
the QSAR studies on a series of 24 compounds of imidazole
derivatives with steric and topological parameters along with
indicator parameter and activity. It is envisioned that this
study will produce models that can be used for future design-
ing of new analogues with higher potency. Here the biological
activity (pIC50) is a measure of inhibitory activity. In an at-
tempt to determine the role of structural features, which ap-
pears to inﬂuence the observed activity of reported
compounds, QSAR studies were undertaken using the linear
free energy relationship (LFER) model of Hansch and Fujita
(Hanch and Fujita, 1964). The multiparametric regression
analysis used to derive the correlation was executed with the
SPSS (7.5) programme. For QSAR studies, different analogues
of parent structure and values of biological activity (pIC50)
along with, calculated physicochemical parameters are re-
ported in Table 1. The autocorrelation between all the struc-
tural parameters and biological activity (pIC50) is shown in
Table 2. A close study of this table makes it clear that those
parameters, which are orthogonal, can be used together in
multiparametric regression studies. These parameters have al-
ready been found to be useful in various QSAR studies per-
formed earlier (Srivastava et al., 2008a,b,c, 2009a,b, 2011;
Chaurasia et al., 2007; Agarwal et al., 2003, 2005, 2006; Khadi-
kar et al., 2002, 2003a,b, 2005a,b; Jaiswal et al., 2004; Thakur
et al., 2004).
The aim of the current study is mainly to study the different
physicochemical parameters linear models and their stepwise
regression analysis by using indicator variable and different
parameters (according to correlation matrix). In this series,
some signiﬁcant QSAR models have been obtained which
are given below:
pIC50 ¼ 0:482ð0:202Þ logP 0:069ð0:051ÞSt
 0:833ð0:917ÞI1 þ 0:636ð0:731ÞI2 þ 12:959 ð1Þ
n ¼ 24; R ¼ 0:884; R2 ¼ 0:782; R2A ¼ 0:736;
SE ¼ 0:426; Fð4;19Þ ¼ 17:007; Q ¼ 2:364
pIC50 ¼ 0:519ð0:204Þ logP 2:826ð2:313ÞJ
 0:830ð0:941ÞI1þ 0:555ð0:752ÞI2 þ 5:828 ð2Þ
y = 0.7817x + 1.5751
R2 = 0.782
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Figure 1 A Plot showing comparison between observed and
calculated pIC50 values using model 1.
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SE ¼ 0:437; Fð4;19Þ ¼ 15:925; Q ¼ 2:364
pIC50 ¼ 0:509ð0:205Þ logP 8:301ð6:874ÞIor
 0:833ð0:943ÞI1 þ 0:681ð0:755ÞI2 þ 23:621 ð3Þ
n ¼ 24; R ¼ 0:877; R2 ¼ 0:769; R2A ¼ 0:720;
SE ¼ 0:438; Fð4;19Þ ¼ 15:803; Q ¼ 2:364
pIC50 ¼ 0:446ð0:234Þ logP 3:538ð3:754ÞD
 0:887ð0:991ÞI1þ 0:568ð0:793ÞI2 þ 14:349 ð4Þ
n ¼ 24; R ¼ 0:862; R2 ¼ 0:744; R2A ¼ 0:690;
SE ¼ 0:461; Fð4;19Þ ¼ 13:784; Q ¼ 2:364
Here and hereafter n is the number of compounds, R is the
correlation coefﬁcient, R2 is the coefﬁcient of determination,
R2A is the adjusted R
2, F is the Fischer statistics (Diudea,
2000; Bikash et al., 2003) S.E. is the standard error of estimate
and Q is the quality of ﬁt (Pogliani, 1994, 1996)
The resulting models are not statistically good, they are not
sufﬁcient for QSAR modeling and for further improvement in
statistical terms we must go through stepwise regression anal-
ysis. In the models shown above the negative sign of coefﬁcient
of St, Ior, D, Log P indicate that less bulkier, less denser and
lesser hydrophobic groups are preferable for the activity. The
coefﬁcient of J was found to be positive which clearly indicates
that this parameter has positive inﬂuence in determining the
activity. The negative sign of coefﬁcient of I1 makes it that
the group at
R1 position should be strictly avoided in the future drug mod-
eling while positive coefﬁcient of I2 explains that the group
N
N
N
N
Cl
H3C
CH3
H3C
at R1 position is beneﬁcial for the activity. In order to examine
the relative potential of models, predictive correlation coefﬁ-
cient (R2Pred) were estimated by plotting graphs between ob-
served and calculated pIC50 values obtained with the help of
model no. 1. The comparison between observed and calculated
activities is listed in Table 3. Such correlations are shown in
Fig. 1. From the Fig. 1 R2Pred values obtained for Eq. (1) is
0.782 and this is fairly high indicating the quality of the mod-
els. The calculated F value for these models is greater than F
theoretical value [F(4,19) = 2.90] for all the models and this fact
also indicates towards signiﬁcant correlation level.
Predictive ability was also evaluated by the LOO (Leave
one out) (Cramer et al., 1988; Podlgar and Ferguson, 2000)
cross-validation procedure. This method systematically re-moves one data point at a time, a model is constructed
on the basis of this reduce data set and is subsequently
used to predict the removed sample. This procedure was re-
peated for all the points until a complete set of predicted
values were obtained. Various cross-validation parameters
calculated for the proposed models are presented in
Table 4.3.1. Cross validation
The cross validation analysis was performed using leave one
out (LOO) method (Cramer et al., 1988; Podlgar and Fergu-
son, 2000) in which one compound is removed from the data
set and the activity is correlated using the rest of the data
set. The cross-validated R2 in each case was found to be very
close to the value of R2 for the entire data set and hence these
models can be termed as statistically signiﬁcant.
Cross validation provides the values of PRESS, SSY and
R2cv and PSE from which we can test the predictive power of
the proposed model. It is argued that PRESS, is a good esti-
mate of the real predictive error of the model and if it is smaller
than SSY the model predicts better than chance and can be
considered statistically signiﬁcant. Furthermore, the ratio
PRESS/SSY can be used to calculate approximate conﬁdence
intervals of prediction of new compound. To be a reasonable
QSAR model PRESS/SSY should be smaller than 0.4. Also,
if the PRESS value is transformed into a dimension-less term
by relating it to the initial sum of squares, we obtain R2cv,
i.e., the complement to the traces on of unexplained variance
over the total variance. The PRESS and R2cv have good prop-
erties. However, for practical purposes of end users the use of
the square root of PRESS/N, which is called the predictive
square error (PSE), is more directly related to the uncertainty
of the predictions. The PSE values also support our results.
The calculated cross-validated parameters conﬁrm the validity
of the models. All the requirements for an ideal model have
been fulﬁlled by model no. 1, that’s why, we have considered
it as the best model.
R2A takes into account the adjustment of R
2. R2A is a mea-
sure of the percentage explained variation in the dependent
variable that takes into account the relationship between the
number of cases and the number of independent variables in
the regression model, whereas R2 will always increase when
Table 1 Biological activities and physicochemical parameters of imidazole derivatives.
R2
NH
R1
S. no. R1 R2 St Log P J Ior D I1 I2 pIC50
1
N
N
Cl
Cl
Cl
H 49.0 5.619 1.399 1.664 1.38 0 0 6.886
2
N
NH
Cl
Cl
Cl
CH3
H 46.9 5.855 1.454 1.655 1.35 0 0 7.553
3
N
N
Cl
Cl
Cl
CH 3
H 46.9 5.855 1.454 1.655 1.35 0 0 7.553
4
NH
N
Cl
C l
C l
CH 3
H 46.9 5.855 1.454 1.655 1.35 0 0 6.284
5
NH
N
Cl
C l
C l
CH 3
H 46.9 5.855 1.455 1.655 1.35 1 0 6.071
6
N
N
C l
C l
C l
H 49.0 5.619 1.399 1.664 1.38 0 0 6.208
7
N
Cl
C l
C l
CH 3
H 44.6 6.118 1.454 1.637 1.30 0 0 6.699
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Table 1 (continued)
S. no. R1 R2 St Log P J Ior D I1 I2 pIC50
8
N
N
N
N
C l
CH 3
CH 3
H 47.9 3.485 1.450 1.668 1.30 0 0 7.585
9
N
N
N
N
C l
CH 3
CH 3
F 46.2 3.607 1.436 1.659 1.34 0 0 8.041
10
N
N
N
N
C l
CH 3
CH 3
F 45.4 3.847 1.474 1.649 1.32 0 0 8.495
11
N
N
N
N
Cl
CH3
CH3 H 45.2 3.966 1.527 1.650 1.26 0 1 8.328
12
N
N
N
N
Cl
CH 3
CH3
CH3
F 43.7 4.084 1.514 1.642 1.30 0 1 8.854
13
N
N
CH3
CH3
F
F
CH3
F 34.2 4.975 1.642 1.569 1.25 0 0 8.066
14
N
N
Cl
Cl
CH3
Cl
H 46.2 6.088 1.491 1.646 1.33 0 0 6.796
15
N
N
Cl
Cl
CH3
Cl
CH3
H 44.5 6.318 1.530 1.639 1.31 0 0 7.481
(continued on next page)
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Table 1 (continued)
S. no. R1 R2 St Log P J Ior D I1 I2 pIC50
16
N
N
C l
C l
C l
H 51.1 6.318 1.349 1.692 1.42 0 0 6.721
17
N
N
C l
C l
C l
H 50.1 6.546 1.366 1.681 1.39 0 0 6.276
18
N
N
C l
C l
C l
CH 3CH 3
H 43.5 6.771 1.579 1.626 1.28 0 0 6.796
19
N
N
C l
C l
C l
C H 3
CH 3 H 44.0 6.545 1.553 1.632 1.29 0 0 6.268
20
N
N
C l
C l
C l
F H 45.8 6.203 1.512 1.638 1.37 0 0 6.796
21
N
N
C l
C l
C l
F
F
H 44.3 6.318 1.537 1.630 1.41 0 0 6.301
22
N
N
C l
C l
C l
F
F
H 43.8 6.545 1.579 1.623 1.39 0 0 7.018
23
N
N
C l
CH 3
C H 3
C H 3
H 39.9 4.850 1.616 1.606 1.18 0 0 7.959
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Table 4 Cross-validated parameters and predictive error of coefﬁci
Eq. no. n Parameter used PRESS SSY
(1) 24 Log P+ ST+ I1 + I2 3.442 12.323
(2) 24 Log P+ J+ I1 + I2 3.622 12.143
(3) 24 Log P+ Ior + I1 + I2 3.643 12.121
(4) 24 Log P+ D+ I1 + I2 4.040 11.724
Table 1 (continued)
S. no. R1 R2 St Log P J Ior D I1 I2 pIC50
24
N
N
C l
CH 3
C H 3
O
CH 3
F 38.4 4.628 1.669 1.580 1.22 0 0 8.119
Table 2 Correlation matrix showing correlation among various physico-chemical parameters and inhibitory activity.
pIC50 Log P St J Ior D I1 I2
pIC50 1.000
Log P 0.775 1.000
St 0.460 0.196 1.000
J 0.381 0.090 0.921 1.000
Ior 0.336 0.069 0.975 0.942 1.000
D 0.569 0.443 0.738 0.710 0.673 1.000
I1 0.294 0.074 0.099 0.104 0.096 0.086 1.000
I2 0.512 0.435 0.061 0.092 0.041 0.235 0.063 1.000
Table 3 Comparison between observed and predicted activ-
ities and their residual values.
S. No. Observed Calculated Residual
1 6.886 6.873 0.013
2 7.553 6.904 0.649
3 7.553 6.904 0.649
4 6.284 6.904 0.620
5 6.071 6.071 0.000
6 6.208 6.873 0.665
7 6.699 6.936 0.237
8 7.585 7.977 0.392
9 8.041 8.035 0.006
10 8.495 7.975 0.520
11 8.328 8.568 0.240
12 8.854 8.614 0.240
13 8.066 8.204 0.138
14 6.796 6.841 0.045
15 7.481 6.847 0.634
16 6.721 6.392 0.329
17 6.276 6.351 0.075
18 6.796 6.698 0.098
19 6.268 6.772 0.504
20 6.796 6.813 0.017
21 6.301 6.861 0.560
22 7.018 6.786 0.232
23 7.959 7.871 0.088
24 8.119 8.082 0.037
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variable does not reduce the unexplained variable enough to
offset the loss of decrease of freedom.3.2. Predictive error of coefﬁcient of correlation (PE)
The predictive error of coefﬁcient of correlation (PE) (Chatter-
gee and Hadi, 2000) is yet another parameter used to decide
the predictive power of the proposed models. We have calcu-
lated the PE value of all the proposed models and they are re-
ported in Table 4. It is argued that if
(i) if R < PE, then correlation is not signiﬁcant;
(ii) if R > PE; several times (at least three times), then cor-
relation is indicated; and if
(iii) if R > 6PE, then the correlation is deﬁnitely good.
For all the models developed the condition R> 6PE is sat-
isﬁed and hence they can be said to have a good predictive
power.4. Conclusions
On the basis of the above discussions some general conclusions
can be drawn:ent of correlation (PE) for the proposed models.
PRESS/SSY R2cv PSE R 1  R2 PE 6PE
0.279 0.721 0.379 0.884 0.218 0.030 0.180
0.298 0.702 0.388 0.878 0.230 0.031 0.186
0.301 0.699 0.390 0.877 0.231 0.031 0.186
0.345 0.655 0.410 0.862 0.256 0.035 0.210
328 A.K. Srivastava, N. Shukla1. Less denser, less bulkier and lesser hydrophobic groups
should be used in the future drug modeling
2. The indicator I1 for
HN
N
Cl
Cl
Cl
CH3
group at R1 position should be avoided
3. The group
N
N
N
N
Cl
CH3
CH3
CH3
at R1 position is preferentially favorable
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